Background {#S0001}
==========

Motor vehicle crashes (MVCs) are the leading cause of death for teenagers in the United States. In 2016, 2,433 American teenagers ages 16--19 died from MVCs, and 292,742 teens were treated in emergency departments for injuries sustained in MVCs[@CIT0001] In the United States, the fatal crash rate per mile driven for 16--19 year olds is almost three times higher than the rate for drivers aged 20 and older[@CIT0002] In 2013, teens ages 15--19 made up only 7% of the US population, but accounted for 11% (\$10 billion) of the total cost of motor vehicle injuries[@CIT0001] Although teen drivers are less likely than adults to drive after consuming alcohol, their risk for crashing is substantially higher when they do. It is estimated that 1 in 5 fatally injured teen drivers have blood alcohol concentrations of 0.08% or more[@CIT0003] In addition to impaired driving, lack of seatbelt use is also another major factor contributing to teen MVCs. In 2016, at least 48% of drivers ages 16--19, who were killed in MVCs, were not wearing a seatbelt at the time of the crash.[@CIT0003] When compared to other age groups, teens have among the lowest rates of seatbelt use. In 2015, only 61% of high school students reported always using a seatbelt when they are in a car with someone else[@CIT0002]

Teen MVCshave proven to be a substantial contributor to the total amount of MVC fatalities in the US as well as the overwhelming economic consequences associated with MVCs. Therefore, it is no surprise that many organizations across the US have developed a number of tools and initiatives in order to educate teens about the dangers of impaired driving and the importance of seatbelt use. In school settings, alcohol misuse prevention usually involves alcohol awareness education, social and peer resistance skills, normative feedback, or development of behavioral norms and positive peer affiliations.[@CIT0004] Multiyear systemic evaluation of school-based alcohol education trials indicates that multi-component interventions for alcohol misuse prevention in adolescents can be effective. In addition, taking a more comprehensive approach to adolescent alcohol misuse prevention can be theoretical supported using the health belief model and social learning theory.[@CIT0005] The theory of social learning postulates the hypothesis that attitudes towards substances, including adolescent alcohol consumption, as well as the expectancies about possible outcomes, are critical factors to misuse. The learning and reinforcement of drinking behaviors in adolescents are thought to occur through both active (alcohol offers) and passive (social modeling and perceived normative behavior) experiences within the social environment.[@CIT0006] Accordingly, a supportive school and community environment should enhance any healthy learning that occurs in the classroom.

Mock crash reenactments have been used in various communities to promote awareness about the effects of drinking and driving. The majority of these programs are for alcohol injury prevention and target high school students, often involving a driving while under the influence (DUI) fatal car crash. In these reenactments, students watch a scripted scene with actual staged damaged vehicles, local police activation, fire-rescue extraction and treatment of crash victims, and an on-scene death of a fellow student. After the scene plays out, witnesses and staff describe the effects of a fatal DUI on friends, family, and a community. The American Red Cross has been a leader in the use of mock crash reenactments. "Operation Prom Night" is a community sponsored crash reenactment program conducted by the Red Cross of Central Illinois secondary to grants from the Illinois Department of Transportation that is staged annually at participating Central Illinois high schools around prom season. Its main focus is to promote safe behaviors and alcohol abstinence, for students that will be participating in prom night festivities.

The use of a comprehensive educational effort that involves students, faculty, parents, and community members and targets a specific facet of adolescent alcohol use is rare, and has not been well studied. The purpose of this study is to evaluate the effectiveness of a mock crash reenactment on the observing student's knowledge about the risks of drinking and driving as well as their attitudes and behaviors relating to drinking and driving as well as seat belt usage.

Methods {#S0002}
=======

Study design and participants {#S0002-S2001}
-----------------------------

An observational pre--post study was conducted. The survey used throughout the study was developed internally by the American Red Cross Central Illinois Chapter, because the survey includes sensitive topic (alcohol use) and the survey was anonymous. Students were surveyed before and after the crash reenactment concerning their knowledge and attitudes related to drinking and driving. The Institutional Review Board of the University of Illinois College of Medicine at Peoria reviewed and approved this study prior to initiation. All data remained deidentified throughout the study.

Schools involved with the mock crash reenactment presentation were self-selected and were required to apply to the American Red Cross Central Illinois Chapter to have the presentation for their students. This grant targets six counties in the West-Central Illinois region, including Peoria, Tazewell, Woodford, Marshall, Mason, and Stark counties. These counties make up a geographic area of 3010.09 square miles and account for a population of 393,852 based on the 2010 census.[@CIT0007] Of the population, 23.2% of them are under the age of 18.[@CIT0007] According to the Office of Management and Budget, within the United States Department of Agriculture, Mason county is the only county to qualify as a rural county.[@CIT0008]

According to the Illinois Traffic Crash Report Database, in 2010, there were 9,010 MVCs in the targeted counties, with 2,748 of those involving either a driver or occupant in the vehicles involved between the ages of 15--19 (65.9% were the driver).[@CIT0009] According to the 2010 Illinois Youth Survey, 65.7% of 12th grade students and 53.7% of 10th grade students reported ever drinking. In addition, 43.6% of 12th grade students and 31.4% of 10th grade students reported drinking at least once in the prior 30 days to the survey.[@CIT0010] Our study includes the student participants for each crash reenactment event between 2007 and 2011. There were 13 high schools with students aged 14--19 who participated in the program.

The total enrollment over the 5-year study period for the schools involved was 10,415, with 11th grade students counting for 24.49% (2,551 students) and 12th grade students counting for 22.89% (2,384 students). A total of 1,049 students initially completed the pre-survey with 978 completing the post-survey. There were 102 pre-surveys, and 138 post-survey excluded from analysis ([Table 1](#T0001){ref-type="table"}). The total final study population included 947 pre-surveys and 840 post-surveys.Table 1Participant enrollmentPre-eventTotal number of school surveys1,049Incomplete survey44Incongruent or indiscernible survey7Same survey used for pre- and post-event51Included surveys947Post-eventTotal number of school surveys978Incomplete survey46Incongruent or indiscernible survey6Same survey used for pre- and post-event48Pre-event survey not submitted38Included surveys840

Setting {#S0002-S2002}
-------

Previously wrecked vehicles were obtained and delivered to the intervention site, and placed together to create the appearance of an MVC. Just prior to the start of the program the student actors dressed in prom attire and are molouged to indicate injuries, and placed in the wrecked vehicles. The wrecked vehicles are then covered with tarps to prevent the observing students from seeing the scene prior to the event beginning. A scenario of what had occurred is read aloud to the students and a recorded tape of an MVC is played while the tarps are removed, uncovering the scene for the students. During the scene, the local 911 system is mock-activated with the dispatcher being an American Red Cross representative allowing the observing students to hear the exchange. After a few minutes to simulate a real response time, the police arrive on the scene, followed by fire and EMS personnel. An ambulance transports injured victims away from the scene to a location unseen by the students as if they were taking them for treatment at the local hospital. Later, a police officer administers a sobriety test to the intoxicated driver, and the driver is handcuffed and taken to the police car. The county coroner examines the student portraying a fatality and pronounces them deceased on scene. The victim is removed from the car, placed in a body bag, and taken to the hearse. The hearse drives around the area and ends by slowly passing in front of the students observing. During the viewing of the deceased victim by the coroner, dramatic music sets the tone until the hearse drives away.

After the mock scene, about 35 mins into the presentation, a safety officer from the State Police or local Police Department will speak to students about DUI laws, seat belt laws, and the consequences the driver will face. The coroner speaks to students about parent notification and what he would be expected to do after a crash such as this. At the end of the incident a poem entitled "Death of an Innocent" is read prior to the students are dismissed back to class.

Program evaluation {#S0002-S2003}
------------------

The survey had seven Likert-scale questions measuring the outcome. Three questions determining subjects' knowledge on the influence of alcohol on driving ability, reflexes, judgment, and decision-making, and consumption of alcohol under the age of 21 on brain development, and four questions determining subjects' risky driving behaviors related to alcohol. These alcohol knowledge questions were not queried on the survey until the 2010 reenactments. All those seven questions were 5-point Likert scale questions, with 1 being strongly disagree and 5 strongly agree. In addition, the survey includes questions querying participant's age, gender, alcohol consumption history (yes/no), and seatbelt usage (with 1 being less frequently use and 5 being frequently use).

Statistical methods {#S0002-S2004}
-------------------

The survey results were entered into a Microsoft Excel spreadsheet (Microsoft Inc., Redmond, WA, USA; v2010). If there were any ambiguous answers, incomplete surveys, or indiscernible answers they were discarded. Some students only answered the survey before the reenactment event, some students only answered the survey after the reenactment event, and some students answered the survey both before and after the reenactment event. Since the survey was designed as anonymous survey, it is impossible to match the pre-event and post-event data of the same responders based on the available information. In other words, the pre-event and post-event cannot be paired for the same subject. When we conducted data analysis, we made two assumptions. Firstly, we assume the pre-event and post-event data were from the two independent groups. Secondly, for the same responders, they completed the post-event survey several hours after they completed pre-event; hence, we assume the pre-event data and post-event data from the same responders are positively correlated. Making such assumptions cause power reduction by ignoring the correlations between pre-event and post-event results, and introducing extra variability by not knowing the individuals.

Likert scale questions were stratified into dichotomous positive and negative answers based upon the assumed correct answer to the question. With negatively worded questions, 1 and 2 were coded as positive answers, and 3 through 5 as negative answers. With positively worded questions, 4 and 5 were coded as correct answers, and 1 through 3 as negative answers. The primary outcome variables are answering each question correctly, which are binary variables. In addition, we combined the three knowledge questions, and four behavior questions, respectively, and then checked the correct probabilities. Hence, we used logistic regression for the binary outcome or the number of correct answers in a fixed number of questions (events/trials). Age, sex, alcohol consumption history (yes/no), and seatbelt usage (use often/not use often), and location were adjusted for logistic regression analysis. We checked the interaction effects between our primary predictor and others covariates and only kept the significant interaction effect items in our final models.

Chi-square tests were used to compare the difference in participants' characteristics between before and after the event. The two-tailed *P* values were calculated for all tests and a *P*-value of \<0.05 was considered statistically significant. All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results {#S0003}
=======

Study population demographics {#S0003-S2001}
-----------------------------

There were no significant differences found in gender and alcohol consumption history between pre- and post-surveys. Post-surveys had more students aged 14--16 (46.6% vs 41.8%, *P*=0.04), and more students who reported often wearing seatbelts (91.2% vs 79.3%, *P*\<0.0001) ([Table 2](#T0002){ref-type="table"}).Table 2Characteristics of participantsCharacteristicsPre-surveyPost-survey*P*-Value(*n*=947)(*n*=840)Sex, No. (%) Female518 (54.7)428 (51)0.11 Male429 (45.3)412 (49)Age, No. (%) 14--16396 (41.8)391 (46.6)0.04 17--19551 (58.2)449 (53.5)Ever consumed alcohol, No. (%) Yes475 (50.2)427 (50.8)0.78 No472 (49.8)413 (49.2)Wears seatbelt, No. (%) Often666 (79.3)864 (91.2)\<0.0001 Not often174 (20.7)83 (8.8)Location, No. (%) Metropolitan836 (88.3)715 (85.1)\<0.0489 Rural111 (11.7)125 (14.9)

General question results {#S0003-S2002}
------------------------

There were three questions related to knowledge of consumption of alcohol and driving, and four questions were related to the behaviors of consuming alcohol and driving. Both crude and adjusted comparisons between pre- and post-surveys showed the similar results. Among the seven questions, only two behavior questions showed significant differences between the pre- and post-surveys. Those questions were: "I am likely to drink and drive in the future or get into a car with someone who would drive drunk." (behavior question 1) and "I often think about the risks associated with drinking and driving." (behavior question 4). For behavior question 1, more students answered correctly in post-surveys (83.6% vs 78.5%). For behavior question 4, more students answered correctly in post-surveys (85.1% vs 77.1%).

After the reenactment program, students were 1.39 times less likely (95% CI, 1.09--1.78, *P*=0.01) to report drinking and driving in the future or getting into a car with someone who would drive drunk. In addition, they reported they were 1.7 times more likely (95% CI, 1.38--2.27, *P*\<0.0001) to often think of the risks associated with drinking and driving ([Table 3](#T0003){ref-type="table"}).Table 3Pre- and post-survey question responsesQuestionsPre-surveyPost-surveyUnadjusted OR, (95% CI), *P*-valueAdjusted OR, (95% CI), *P*-valueKnowledge 1 -- "Having a few drinks won't change someone's ability to drive. T/F?" Correct answer (False), *N* (%)370 (78.7)237 (82.6)1.28 (0.88,1.87), 0.20Interaction effect with seatbelt usage, *P*=0.0283Knowledge 2 -- Alcohol impairs a person's reflexes, judgment, and decision-making. T/F?" Correct answer (True), *N* (%)441 (93.8)263 (91.6)0.72 (0.41,1.26), 0.250.64 (0.36,1.14), 0.13Knowledge 3 -- "Consuming alcohol under the age of 21 can impair brain development and growth. T/F?" Correct answer (True), *N* (%)297 (63.2)181 (63.1)0.99 (0.73,1.35), 0.970.94 (0.68,1.32), 0.73Behavior 1 -- "I am likely to drink and drive in the future or get into a car with someone who would drive drunk. T/F?" Correct answer (False), *N* (%)743 (78.5)702 (83.6)1.40 (1.11,1.77), 0.011.39 (1.09,1.77), 0.01Behavior 2 -- "The plans my friends and I have for after prom include alcohol. T/F?" Correct answer (False), *N* (%)680 (71.8)619 (73.7)1.1 (0.89,1.36), 0.371.07 (0.87,1.33), 0.52Behavior 3 -- "During after prom activities, I am likely to drink and drive or get into a car with someone who will be driving drunk. T/F?" Correct answer (False), *N* (%)818 (86.4)707 (84.2)0.84 (0.65,1.09), 0.190.81 (0.62,1.06), 0.12Behavior 4 -- "I often think about the risks associated with drinking and driving. T/F?" Correct answer (True), *N* (%)730 (77.1)715 (85.1)1.7 (1.33,2.17), \<0.0001Interaction effect with seatbelt usage, *P*=0.0016[^1]

For the three knowledge questions, 51.9%, and 56.1% of participants answered all questions correctly in the pre-survey and post-survey, respectively ([Table 4](#T0004){ref-type="table"}), but no statistical significant difference was found (*P*=0.77). After the reenactment program, more students answered all four behavior questions correctly (50.8% pre-survey vs 67.9% post-survey; *P*\<0.0001) ([Table 4](#T0004){ref-type="table"}). When adjusted, we found significant interaction effects (*P*=0.228, 0.0029, respectively).Table 4Comparing the correct knowledge and behavior questions between pre- and post-surveysQuestionsPre-surveysPost-surveysUnadjusted OR, (95% CI), *P*-valueAdjusted OR, (95% CI), *P*-valueCorrect knowledge questions, *N* (%)1.03 (0.84,1.27), 0.77Interaction effect with seatbelt usage, *P*=0.0228012 (2.6)10 (3.5)152 (11.1)34 (11.9)2162 (34.5)82 (28.6)3244 (51.9)161 (56.1)Correct behavior questions, *N* (%)1.22 (1.09,1.37), 0.001Interaction effect with seatbelt usage, *P*=0.0029038 (4.0)73 (8.7)158 (6.1)43 (5.1)2121 (12.8)42 (5)3249 (26.3)112 (13.3)4481 (50.8)570 (67.9)[^2]

Interaction with seat belt usage {#S0003-S2003}
--------------------------------

For the question, "Having a few drinks won't change someone's ability to drive," (knowledge question 1) and behavior question 4, we found significant interaction effect relating to seat belt usage (*P*=0.0283, *P*=0.0016, respectively). For knowledge 1, the OR of answering correctly was 1.51 (95% CI 0.97, 2.34) for those students who wore their seatbelt often, and 0.51 (95% CI 0.20, 1.21) for those students who did not wear their seatbelt often. While these results are not statistically significant, students who reported wearing their seatbelt often had a trend to correctly answering knowledge question 1, while students who reported not wearing their seatbelt often had a trend to incorrectly answering knowledge question 1. For behavior question 4, the OR of answering correctly was 1.48 (95% CI 1.14, 1.94) for those students reporting wearing their seatbelt often, and 4.46 (95% CI 2.37, 8.38) for those students reporting not wearing their seatbelt often. Both students who did and did not wear their seatbelts often increased answering behavior questions correctly. However, students who did not wear their seatbelt often increased more.

For knowledge questions, the OR of answering knowledge questions correctly was 1.1 (95% CI 0.87, 1.4) for those students that wore their seatbelt often, and 0.57 (95% CI 0.33, 0.95) for those students who did not wear their seatbelt often. Students who did not wear their seatbelt often significantly decreased the probability of answering knowledge questions correctly, while students who wore their seatbelt had a trend to increase the probability of answering knowledge questions correctly.

For behavior questions, the OR of answering behavior question 1 correctly was 1.1 (95% CI 0.99, 1.3) for those students who wore their seatbelt often, and 1.9 (95% CI 1.4, 2.7) for those students who did not wear their seatbelt often. Students who did not wear their seatbelt often had a significantly increased probability of answering behavior questions correctly, while students who often wore their seatbelt had a trend to increase the probability of answering knowledge questions correctly, but not significantly ([Table 4](#T0004){ref-type="table"}).

Discussion {#S0004}
==========

Our results demonstrate that using a school-based mock crash reenactment significantly improved the subjects' attitudes related to drinking and driving, including drinking and driving himself or herself or getting into a vehicle with someone under the influence. We were unable to show a statistical significance in the knowledge of the effects of alcohol on the body, or the plans for consumption of alcohol during prom night festivities. However, the ceiling effect may be a cause of the inability to improve given the high pre-event positive responses. In addition, our results are impacted by student's additional risk tolerant behaviors, in that those students who utilized seatbelts less often also had less correct answers to knowledge and behavior survey questions.

The study is important for several reasons. Foremost, drinking and driving accounts for nearly one-third of all traffic-related deaths in the United States.[@CIT0011] Education has been shown to help prevent these behaviors. Evans-Whipp et al demonstrated that adolescents that had been in vehicles with a driver under the influence were more likely to drive under the influence at a later age.[@CIT0011] According to The Community Preventive Services Task Force, since 2003, school-based instructions programs have been recommended to reduce riding with alcohol-impaired drivers. They state that school-based health promotion comes from knowledge of consequences and alternatives to drinking and driving, development of refusal skills, and a change in the social norms are the basis for improvement.[@CIT0012]

Our intervention, Operation Prom Night, utilizes a multifaceted comprehensive approach using multiple communities and populations. The program highlights in a "real world" fashion the events surrounding a MVCrelated to teenage drinking and driving. In a systematic review looking at this multifaceted approach, Elder et al found that school-based instructional programs were effective in reducing riding with drivers who have been drinking.[@CIT0013] In a drug prevention program meta-analysis, interactive programs were statistically and clinically significant compared to non-interactive programs.[@CIT0014] Another meta-analysis confirmed this idea,however, went on to demonstrate that while approximately two-thirds of the educational providers taught effective content, only about one sixth of those used an effective delivery method.[@CIT0015] Our intervention uses actual wrecked vehicles and rescue equipment and personnel, as well as a detailed simulation of the consequences of drinking and driving. In addition, the program also uses the students' peers as participants and victims' families discussing the impacts of drinking and driving; making the program more realistic.

There is some precedence for similar school-based risk intervention programs. A 2017 study conducted by Layba et al, found a 37% risk reduction in the number of drivers aged 16--21 treated for MCV injuries at the trauma center at the University of Texas Medical Branch in Galveston after the annual implementation of a risk-reduction program, entitled The Save A Life Tour™, at a local high school in Galveston, Texas.[@CIT0016] Like our study, the study demonstrates the benefit of providing teens with educational programs that detail the dangers of distracted driving. Our study reports the qualitative changes in teens' attitudes toward drinking and driving after participating in the Operation Prom Night Program, while the Layba study assessed the effectiveness of The Save A Life Tour™ program by tracking the pre-intervention and post-intervention number of drivers age 16--21 treated for MCV injuries at the University of Texas Medical Branch in Galveston.

In terms of alcohol consumption, our demographics are in line with the national averages. In comparison to the 2013 Monitoring the Future Survey by Johnston et al, our number of 50.2% on the pre-survey and 50.8% were lower than their expected 28% of 8th grader students and 68% of 12 grade students had ever tried alcohol.[@CIT0017] Our study did not improve student's behavior related to alcohol involvement during prom night activities. In fact, our numbers are slightly higher at 71.8% and 73.7% on the pre- and post-survey, respectively. However, these likely falls in line with the study by Johnston et al.

Given that many of our participating schools in the study were not in urban populations, public transportation is likely limited. This lends to the idea that suburban and rural students, often have to ride with a peer who has been drinking, due to limited public options. We did demonstrate a mildly positive correlation with 86.4% of students involved stating they would be likely to drive or ride in a vehicle with someone who had been drinking on the pre-survey decreasing to 84.2% on the post-survey. However, with the increased availability of ride-sharing services, adolescents may have additional options for transportation when intoxicated or faced with an intoxicated driver.[@CIT0019]

Limitations {#S0005}
===========

Our study is not without limitations. As previously mentioned, we used an anonymous survey instrument because of the sensitive topics included. The anonymous survey instrument protects for privacy and promotes feedback that is more honest. However, we were unable to match pre- and post-survey results obtained from the same respondents. When we conducted our data analysis, we assumed pre- and post-surveys were independent. In doing so, the power of our study was reduced because of the extra variability introduced. However, our study sample size was large, which could limit the magnitude of decreased power. Another limitation is that the survey was developed internally by the American Red Cross, which included both positively and negatively worded questions, which could have caused respondent confusion.[@CIT0018] Hence, the survey results may have been impacted. In addition, some knowledge-based questions had a high correct response baseline; therefore, due to the ceiling effect, these questions may not have shown significant improvement after the intervention. An additional limitation of this study is that although the survey questions can gauge the subjects' attitudes towards drinking and driving, they cannot predict the subjects' actual behaviors. Future studies are necessary in order to determine the behavioral effects of educational intervention programs on drunk and distracted driving.

Conclusions {#S0006}
===========

We were able to demonstrate that through the reenactment program, students reported they were less likely to drink and drive in the future or get into a car with someone who would drive drunk, and were more likely to think about the risks associated with drinking and driving. However, students reported they were just as likely to use alcohol during their prom night celebrations, and were still as likely to travel in a vehicle with an intoxicated driver or operate a vehicle themselves while under the influence. Knowledge of the effects of alcohol on the body was also not significantly increased.

Meeting Presentation {#S0007}
====================

The study was presented at the American College of Emergency Physician's Scientific Assembly/Research Forum in October 2012 as a poster presentation.
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[^1]: **Notes:** The adjusted covariates are: sex, age, alcohol consumption history, seatbelt usage, and location. Knowledge 1: Wears Seatbelt Often: OR (95% CI): 1.51 (0.97, 2.34). Knowledge 1: Wears Seatbelt Not Often: OR (95% CI): 0.49 (0.20, 1.21). Behavior 4: Wears Seatbelt Often: OR (95% CI): 1.48 (1.14,1.94). Behavior 4: Wears Seatbelt Not Often: OR (95% CI): 4.46 (2.37, 8.38).

    **Abbreviation:** T/F, True/False.

[^2]: **Notes:** The adjusted covariates are: sex, age, alcohol consumption history, seatbelt usage, and location. Knowledge: Wears Seatbelt Often: OR (95% CI): 1.1 (0.87, 1.4). Knowledge: Wears Seatbelt Not Often: OR (95% CI): 0.57 (0.33, 0.95). Behavior: Wears Seatbelt Often: OR (95% CI): 1.1 (0.99, 1.3). Behavior: Wears Seatbelt Not Often: OR (95% CI): 1.9 (1.4, 2.7).
